Abstract The acute renal failure is the frequent medical complication observed in liver transplant patients. The objective of this study was to determine the cause of acute renal failure in post liver transplant patients. A total of 70 patients who underwent (cadaveric 52, live 18) liver transplantation were categorized based on clinical presentation into two groups, namely hepatorenal failure (HRF, n = 29), and Hepatic failure (HF, n = 41). All the patients after the liver transplant had received tacrolimus, mycophenolate and steroids. We analyzed the modification of diet in renal disease, (MDRD) serum urea, creatinine and albumin before and after 5th and 30th day of liver transplant and data was categorized into survivors and nonsurvivors group. In HRF survivor group, serum creatinine, and urea levels were high and, albumin, MDRD were low in pre-transplant and reached to normal levels on 30th day of post transplant, and 79.3 % of patients in this group showed resumption of normal kidney function. On the contrary in HRF nonsurvivor group, we did not observed any significant difference and 20.7 % of patients showed irreversible changes after the liver transplant. In HF survivor group, 82.9 % of liver failure patients did not show any deviation in serum creatinine, urea, albumin and MDRD, whereas in HF non survivor group, 17.1 % of liver failure patients who had HCV positive before the transplant developed acute renal failure. The levels of creatinine, urea, albumin and MDRD were normal before the transplant and on day 30th, the levels of albumin and MDRD were significantly low whereas serum urea, creatinine levels were high. In conclusion, based on these observations, an diagnosis and treatment of Acute renal failure is important among the liver transplantation cases in the early postoperative period.
Introduction
Acute renal failure (ARF) is a frequent medical complication after the liver transplantation (LTx). Over the last two decades, progressively improving liver transplant survival rate has been instrumental in establishing the transplant surgery as a durable therapy for all the forms of endstage liver disease [1] . Thus, focus has shifted to the quality of life after LTx, as well as prediction and management of conditions related to morbidity and mortality in long-term survivors [2] . The incidence of ARF is reported to range from 17 to 90 % in LTx patients [3] [4] [5] [6] . It has been associated with an eightfold increase in mortality, prolonged stay in intensive care unit and a greater risk for infectionrelated complications [7] .
Several factors have been explored the incidence of ARF in post LTx individuals. Some depend on the clinical state of the recipient before transplant and intra-operative vascular and metabolic dynamics and postoperative complications [6, 8, 9] . Patients awaiting liver transplantation may also have intrinsic renal disease, either in the form of pre-existing renal damage from diabetes mellitus or obstructive uropathy, or pre-existent end-stage renal disease (ESRD). In addition, acute tubular necrosis (ATN) may also develop as a result of hypotension, use of nephrotoxic drugs, or contrast media used in diagnostic studies. The glomerulonephritis may occur in patients with cirrhosis; most commonest form is a IgA nephropathy, which can produce mesangial deposits. Membrano-proliferative glomerulonephritis and post streptococcal glomerulonephritis have also been described in patients with liver disease. Hepatitis B is associated with various forms of renal diseases, the most common of which is membranous nephropathy, but membrano-proliferative glomerulonephritis and cryoglobulinemia have also been described. In addition, hepatitis B can cause kidney disease due to vasculitis in the form of polyarteritis nodosa, and similarly, hepatitis C infection has also been associated with an increased incidence of cryoglobulinemia [10] [11] [12] [13] [14] [15] [16] [17] [18] . During the initial days of post LTx, renal function deteriorates rapidly by nephrotoxic affects of immunosuppressive drugs. The immunosuppressive drug therapy immediately after transplantation influences the development of ARF, but declines slowly thereafter. This acute nephrotoxicity was highly reversible, responding to downward adjustments of tacrolimus dosage [19, 20] . The preventive measures such as careful adjustment of drug doses and of the hydro-electrolytic balance, together with the dialysis in the serious cases, are the most effective therapeutic modalities in the post LTx patients.
Kidney damage is usually ascertained from markers, most commonly albuminuria. Glomerular filtration rate (GFR) can be estimated using equations that incorporate serum creatinine, albumin and blood urea nitrogen (BUN) concentration with demographic and clinical variables such as age, gender, race, and body mass index (BMI). Determining the GFR provides a more accurate assessment of the level of kidney function than serum creatinine alone [21] . The most commonly used is the modification of diet in renal disease (MDRD) Study equation, and this formula was devised in an attempt to estimate GFR [22] . This study proposes the use of MDRD values as an outcome predictor for evaluation of ARF in post LTx recipients.
Materials and Methods
The study was conducted at Global Hospitals Hyderabad India, between the period 2005-2009. A total of 70 patients of which male 59 (mean ± SD Age in years 42 ± 16), female 11 (mean ± SD Age in years 37 ± 12) were enrolled in the study and were categorized into two groups. Hepatorenal failure (HRF) patients had both liver and renal failure (n = 29), and the other patients with Hepatic failure (HF) had liver failure with normal renal function (n = 41). The liver transplant included 52 cadaver and 18 live donors. Immediately after the transplant, all the patients were on immunosuppressive therapy (tacrolimus, mycophenolate and methylprednisolone), antiviral (ganciclovir), antiprotozoal, antibacterial and antifungal (fluconazole) as per established clinical practices. We analyzed the rate of survivors and non-survivors in both the HRF and HF groups. Blood was collected in plain vacutainer from the patients before the transplant, fifth and thirtieth day of post liver transplant. Serum was separated and analyzed for urea, creatinine and albumin by using fully automated analyzer (Olympus AU 400) by using commercially available kits. Ethical clearance was obtained from the Institutional Ethical Committee of Global Hospitals, Hyderabad, India and the informed consent was obtained from all the subjects.
The MDRD was calculated as per the formula, MDRD: GFR = 170 9 P Cr -0.999 9 Age -0.176 9 BUN -0.170 9 Albumin 0.318 9 0.762 (for women) 9 1.180 (for blacks).
Statistics
All values are expressed as mean ± SD. One-way ANOVA was done to compare the groups and significance among the groups was calculated by Student's t test. p value \ 0.005 was considered significance. For the statistical analysis, Graph pad prism 6.02 software was used.
Results
As shown in Table 1 , in HRF survivor group serum creatinine and urea were high, albumin and MDRD were low in pre-transplant, whereas immediately after the liver transplant, serum creatinine, urea, albumin and MDRD were reached to normal levels within 30 days after the transplant. In this group, 79.3 % of patients showed resumption of normal kidney function (Table 1 ). In HRF non-survivor group, we did not observe any significance difference in creatinine, urea, albumin and MDRD before and after the liver transplant. All the parameters remained high even after the liver transplant. In this group, 20.7 % of patients showed irreversible changes after liver transplant (Table 1) . In HF survivor group, 82.9 % of liver failure patients did not show deviation in serum creatinine, urea, albumin and MDRD (Table 1) . On the other hand, in HF non-survivor group, 17.1 % of liver failure patients who had HCV infection before the transplant, developed acute renal failure after the transplant. The levels of urea, creatinine and MDRD were normal and albumin concentration was low before the transplant and on day 30th, the levels of albumin and MDRD were significantly (p \0.0001) low and urea, creatinine were significantly (p \0.0001) high (Table 1) .
As shown in Table 1 , 23 (79.3 %) patients had high urea and creatinine, and low MDRD. before LTx and were reversed to normal renal function after 30th day of post LTx. But, 6 (20.7 %) patients did not recover from acute renal failure after LTx and all were expired in thius group with pre LTx diagnosis history of End stage Liver Disease (ESLD)due to Non alcoholic fatty liver disease (NAFLD) and diabetis mellitus (DM) with NAFLD in HRF group. In HF group 34 (82.9 %) patients did not had any significant changes in creatinine, urea, albumin, MDRD before and after the liver transplant, whereas 7 (17.1 %) patients had high urea and creatinine and albumin and MDRD levels were low after LTx (Table 1 ) and all the patients in this group were expired with pre LTx diagnosis history of liver cirrhosis due to HCV Infection.
Discussion
However, despite the significantly improved surgical skills for LTx in recent years, operative complications are unavoidable. Hypotension from massive blood loss, circulatory instability duration of surgery, an-hepatic phase and many other intra-operative factors provide a well-recognized clinical environment for ischemic renal damage [23, 24] . Repeated rejection episodes [25] and postoperative volume depletion, severe infections, and the use of many potentially nephrotoxic drugs (tacrolimus, cyclosporine, mycophenolate), antibiotics, and antifungal agents etc. [26] [27] [28] [29] are some of the notable predisposing factors for ARF after the surgery [30] . Thomas et al. [26] , demonstrated the elevated levels of urea before transplant and reached to normal range after 30th day of post LTx, similarly, creatinine clearance was low before the LTx and it reached to normal levels after 30th day of post LTx. These results are in agreement with our findings of the current study. We also observed 23 (79.3 %) patients had high creatinine and urea levels and low MDRD before the LTx and they were reversed to normal renal function after 30th day of post LTx. But the 6 (20.7 %) patients were not recovered from ARF after the LTx and expired with preLTx history of ESLD due to NAFLD, DM with NAFLD in HRF group. In HF group 34 (82.9 %) patients did not had any significant changes in creatinine, urea, and albumin, MDRD before and after the liver transplant. But, 7 (17.1 %) patients had high creatinine, urea, lower levels of albumin and low MDRD after LTx and these patients expired with pre-LTx diagnosis history of liver cirrhosis due to HCV Infection.
In the current study, we observed 17.1 % patients developed ARF after the LTx in hepatic failure group, which is slightly higher than 11.9 % as reported by Chuang et al. [31] . This may be due to nephrotoxic effects of tacrolimus and mycophenolate, and pre LTx diagnosis of HCV. Hence early Table 1 Liver transplantation in cases due to hepato-renal failure and outcome Iwatsuki et al. [32] reported the renal recovery after LTx in 3 cases (their study had 3 cases) of hepatorenal failure patients, whereas we observed in 23 patients (79.3 %). On the other hand, Gonwa et al. [33] reported lower rate of survival in hepatorenal failure patients after the LTx. Studies have shown that preoperative hypoproteinemia and hypoalbuminemia are associated with greater incidence of post operative ARF [34] . In the current study, we observed 81.5 % of patients had hypoalbuminemia before the LTx. The presence of hypoalbuminemia in patients before the transplant may increase the risk of ARF, since it modifies Starlings forces in the systemic capillaries reduces the glomerular filtration, and alters the pharmacokinetics of potentially nephrotoxic drugs. Based on these findings, we may conclude that there is a relation between liver dysfunction and ARF in patients with post LTx.
Our study indicate that ESLD due to NAFLD, DM and liver cirrhosis due to HCV may be a risk factor for ARF, because these are the factors involved in hemodynamic changes in the kidney. During hepatic failure, in cirrhotic patients it has been shown that plasma renin concentrations are high and that plasma concentrations of renin substrate, which is normally produced by the liver are low, and these results in vasoconstriction and flow redistribution within the kidney which might be affected [35] [36] [37] . Transient high blood levels of tacrolimus or cyclosporine may be also a risk factor for ARF. The fluid replacement therapy was the first choice for the majority of patients when ARF occurred in the early postoperative period after LTx. The limitation of the study is the small sample size.
Conclusion
Our findings indicate that patients with hepatic failure due to cirrhosis caused by HCV infection have higher mortality after the liver transplant. In HRF group, ARF was not recovered in patients had a history of liver cirrhosis due to NAFLD, NAFLD with DM. We suggest early diagnosis and treatment of ARF are important among the LTx cases in the early postoperative period.
